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EXECUTIVE SUMMARY

This report contains both a technical and financial accounting of BPS activities from 1 April
1997 through 30 September 1997. In addition, the project technical objectives and anticipated
work for the next six months, and any schedule changes and alerts are outlined. Only the active,
technical tasks (Tasks 1-4) are discussed in the Work Performed section; Tasks 5 and 6 are
contract options and Task 7 is the management, planning, and reporting task.

The six months reported herein have focused on finalizing the instrument and software design
and field deployment strategy, and further developing and testing the inverse model for
extracting depth profile estimates from infragravity wave measurements.

A few of the more significant instrument design decisions are:

e We have chosen to use Sontek’s Acoustic Doppler Velocimeter (ADV Ocean) as
opposed to the Marsh-McBirney electro-magnetic current meter (EMCM);

e The ADV will mount on a pressure case that contains a pressure sensor, flash
memory, Tattletale CPU, oven-controlled oscillator, compass/inclinometer, and
batteries;

e There is an auxiliary port for the powering and collection of externally mounted
instruments such as a conductivity/temperature sensor;

e The sensor package will be deployed mounted on the anchor pipe without the ability
for in-situ adjustments of the package on the pipe.

Further description and discussion of the instrument and mounting design can be found in
Section 1.4.2.

Influencing instrument design and array deployment methods is the error associated with array-
element position measurement and clock synchronization. An analysis of these errors is
presented in Section 1.1.3 of this report.

In September 1997 we traveled to Duck, NC, to participate in the instrument deployment of
Reggie Beach’s surf zone sensors and to discuss instrument design and deployment strategies
with the Field Research Facility (FRF) staff and other PIs at the Duck field site. The lessons
learned influenced our final instrument and deployment design. Our notes from that trip are
summarized in Section 1.2.2.

In August 1997 we successfully deployed and tested our prototype instrument designs in the field
(Copalis Beach, Washington). A report of this test is presented in Section 1.2.3, followed by an
outline of objectives and sensor deployment strategy for the next Copalis Beach field test
(Section 1.2.4).

Finally, our study of the inverse method is described in Section 1.1.2 where the Template
Matching Technique (TMT), discussed in detail in the Semi-Annual Report #2 (May 1997), is
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now applied to nonplanar depth profiles. To determine the accuracy and stability of the TMT
plane-beach approximation, we studied depth profiles from the beaches of Torrey Pines, CA;
Santa Barbara, CA; and Duck, NC. The perturbation expansion of the infragravity edge wave
solution, also discussed in the Semi-Annual Report #2, was further studied to address the
accuracy of its solution when given TMT-estimated plane beach profile approximations as a
zeroth-order depth profile and the difference between the plane beach and true depth profile as
the first-order depth profile input. A comparison of the perturbation-equation edge wave
solutions with solutions from the full equations was made to investigate the reasonableness of
using the perturbation equations for the inverse model.

An integral component of this report are the previous Semi-Annual Reports and the
documentation of the BPS hardware and software designs and operation plans (listed below).
These latter BPS documents are "living" documents in that they will be undergoing
modifications, additions, and enhancements throughout the life of the project. Please note that
documents and/or volumes shown with an asterisk are not available at this date. Other referenced
material follows the list of BPS Documents.

List of BPS Documents

BPS Semi-Annual Report #1 (Oct. 1996, NWRA-CR-96-R160)
BPS Semi-Annual Report #2 (May 1997, NWRA-CR-97-R164)
BPS Software Documentation (NWRA -CR-96-R0156)

Vol. I. On-shore Software Design Specification

Vol. I In-situ Software Design Specification

Vol. III. Array Controller Software Design Specification*
BPS Hardware Documentation (NWRA-CR-96-R161)

Vol. I. Instrument Design Specification
Vol. II. Field Deployment Hardware Design Specification*
BPS Bench Testing Documentation (NWRA-CR-98-xxxx)*

Vol. 1. Bench Test Specification
Vol. II. Bench Test Results (Array 1)
Vol. III. Bench Test Results (Array 2)
BPS Concept Testing Software Documentation (NWRA-CR-98- xxxx )*

Vol. I. Concept-Testing Software Design Specification
Vol. II. Concept-Testing GUI Design Specification
BPS Concept of Field Operations Documentation (NWRA -CR-98-xxxx)*

Vol. I. Field Campaign #1 - Concept of Operations
Vol. II. Field Campaign #2 - Concept of Operations
Vol. III. Field Campaign #3 - Concept of Operations

S
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1.0 WORK PERFORMED 1 APRIL 1997 - 30 SEPTEMBER 1997

1.1 Task 1: Concepts and Algorithm Development

1.1.1 Overview

In the Semi-Annual Report #2 (May 1997), we listed the Task-1 milestones and objectives to be
met by the end of the six-month reporting period. These are listed again below.

D

2)

3)

4)

5)
6)

7)

Continue the testing of the Template Matching Technique (TMT) as an inverse
method for obtaining depth profile estimates from offshore infragravity edge wave
observations.

Compare the (infragravity) edge wave perturbation expansion solution against
numerical solutions, investigating issues such as the effect of the choice of the zeroth-
order beach slope on the first-order correction.

Study the magnitude and nature of the deviations from a plane-beach solution of both
the edge wave dispersion and cross-shore solutions for various natural depth profiles
and for a range of offshore measurement locations.

Design an inverse solution for the first-order correction to the plane-beach
approximation.

Design the array geometry and offshore placement for Field Campaign #1.

Complete the design phase of the concept-testing GUI (which consists of a GUI,
batch-processing script, and a conflicts executive); start implementation of code.

Update the BPS Concept Testing Software Documentation.

Presented below is a brief discussion of the status of these efforts with an outline of the results or
a direction to the locations in this report with more detailed discussions.

1) Continue the testing of the Template Matching Technique (TMT).

We ported the TMT code from Matlab (on a PC) to Fortran (on a Sun Ultra). The BPS
operational code will be in Fortran on a PC. We have modified the TMT matching search
to assume that the depth of measurement is known and have continued our study of the
uniqueness, stability, and resolution of the TMT estimates using simulated data for planar
depth profiles and for profiles from Torrey Pines (CA), Leadbetter (CA), and Duck (NC)
beaches. The results of this work are discussed in Section 1.1.2 (The Inverse Method).

2) Compare the (infragravity) edge wave perturbation expansion solution against numerical
solutions, and

3) Study the magnitude and nature of the deviations from a plane beach solution of both the
edge wave dispersion and cross-shore solutions for various natural depth profiles and for a
range of offshore measurement locations.

Page 1
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We applied the TMT to edge wave spectra, simulated for nonplanar depth profiles such as
those from Duck, NC, etc. (see item 1 above), to obtain plane-beach slope
approximations to the nonplanar depth profiles. Estimated beach slopes for each of the
edge wave spectra were then used as the zeroth-order depth profile input for the
perturbation expansion equation and the difference between the true depth profile and the
zeroth-order planar beach was the first-order depth profile input. Comparisons were then
made between the exact edge wave solutions (using the numerical method of Falques and
Iranzo, 1992) and the perturbation equation solutions. These comparisons are discussed in
detail in Section 1.1.2.2.

4) Design an inverse solution for the first-order correction to the plane-beach approximation.

- We are delaying this until Summer 1998. From our study of the TMT and perturbation
expansion (items 1-3 above), we decided to first look at a two-slope fit of the depth
profile using the TMT and study the quality of the perturbation expansion with those
TMT estimates as the zeroth-order depth profile.

5) Design the array geometry and offshore placement for Field Campaign #1.

Our first study of the TMT and perturbation expansion (items 1-3 above) suggests that the
best depths for placement of the array are in 3 to Sm depth of water. Therefore, we are
using those depths in our preliminary design of the array placement. However, we will be
revisiting this with the two-slope TMT study. Thus far we have also only used one array
geometry. Once we have completed the two-slope TMT study with this same geometry,
we will study other geometries.

6) Complete the design phase of the concept-testing GUT; start implementation of code.

Thus far, implementation of the code has been in the form of Perl Scripts used to
automated our Monte Carlo tests of the TMT. A more complete description of this and
the Java interface will be documented at a later date.

7) Update the BPS Concept Testing Software Documentation.

This will be done at a later date.

1.1.2 The Inverse Method

This section reports on the progress of the development of the BPS inverse method. The
objective of this method is to estimate the nearshore depth profile from wavenumber-frequency
(k-f) spectral measurements of the offshore infragravity edge wave field (surface gravity waves
like sea and swell but with longer periods and wavelengths). The measurements are assumed to
be from an alongshore-aligned array of bottom-mounted current and pressure sensors. As
discussed in detail in the BPS Semi-Annual Report #2 (May 1997), the approach we have chosen
to study is a two-stage procedure.

In the first stage we apply the Template Matching Technique (TMT) to the k-f spectrum
estimated from the alongshore array of current meter data. The output from the TMT is an

L~ T
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approximation to the true depth profile between the array and the shoreline.

In the second stage we use the TMT depth profile approximation and the measured k-f spectrum
to estimate differences in the true depth profile from the TMT approximation. This estimation
may be done by applying inverse methods to a perturbation expansion of the edge wave
equations, where the first-order (inverse) solution can be the TMT-estimated depth profile and
the second-order solution is the perturbations in depth about that profile.

1.1.2.1 The Template-Matching Technique

As its name implies, this technique matches measured k-f spectral parameters (i.e., data matrices)
against a library of true k-f spectral parameters (i.e., test templates). The k-f spectral parameters
that define the test template are obtained from a solution of the edge wave equations. The k-f test
templates are built from a range of nearshore depth profile and offshore observation location
inputs to the edge wave equations. Both edge wave dispersion and cross-shore variance structure
information are in the k-f templates. The template is a 2-D (k-f) matrix of numbers. The k,f
matrix element location that satisfies the edge wave dispersion solution is given a value of one.
All other elements are zero. The cross-shore structure of the alongshore velocity variance is
included by filtering out edge wave mode dispersion solutions (zeroing matrix element values)
for modes that are relatively too weak to be observed; this decision is based on our experience
with the behavior of our k-f spectral analysis tools and sensor array geometries. For the test
template, we are presently setting the k,f matrix element of an edge wave mode to zero if the
relative alongshore velocity variance of that mode is less than 0.9 times the mode with maximum
velocity variance at the same frequency, f. The optimal method of mimicking the filtering of edge
wave modes as observed by limited, offshore phase arrays and spectral analysis methods will be
more closely studied at a later date. Further discussion of the TMT can be found in the BPS
Semi-Annual Report #2 (May 1997).

1.1.2.1.1 Plane-slope beach results with depth known a priori

In the BPS Semi-Annual Report #2 (May 1997), we presented the results from the matching of
data matrices, built from the edge wave spectra simulated for plane-slope (planar) beaches, to a
TMT library of test templates built from edge wave spectra simulating spectra from different
planar beaches. The depth of measurement was not assumed to be known. Here we present the
TMT matching results for the scenario where depth of the array is assumed to be known from the
pressure-sensor measurements.

The TMT was tested for a series of different depths (2-10 m at 1 m increments) and plane beach
slopes (0.005 to 0.1 at 0.005 increments). Figures 1.1-1 through 1.1-4 compare TMT-estimated
slopes against the true slope for spectra simulated for 2, 5, 8, and 10m measurement depths. For
each slope/depth combination, 99 stochastic realizations (48 degrees of freedom) were run with a
broadband Noise-to-Signal Ratio (NSR) of 0.05 and an array geometry simulating a 5-element
array that spans 260m. The circles in the figures denotes the median TMT slope estimate and the
error bars span one standard deviation about the median. Significant improvement was noted
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when a-priori depth was assumed known.

Several important points can be made of these planar beach tests:

1) With a-priori depth known, the TMT method is exceptionally accurate when the
measurement location is at a depth <8 meters. For a measurement depth of 2 meters, it
was 100% accurate in all the simulation runs (Figure 1.1-1). With larger measurement
depths, the deterioration of the accuracy of the measurement can be traced to the
“collapse” of the measured edge wave spectrum to lower wavenumbers (longer
wavelengths) for the simulated array geometry (5-element array with a maximum span of
260m; Figures 1.1-5 through 1.1-7).

It appears that with our present implementation of the TMT, the resolution of the
templates may be limited by the estimate of the half-power bandwidth of the peak in k-f
space. We are simulating a half-power bandwidth that is typically observed in archival
field data (0.002 m™) with similar array geometries. The TMT uses the estimated half-
power bandwidth to define the nonzero k.f elements in the data matrix. For measurement
depths >8m, the total range of alongshore wavenumbers are only of order  0.005 m™'.
Thus, as the measurement depth increases, it becomes increasingly difficult to distinguish
between different slope estimates (compare Figures 1.1-5 through 1.1-7). One solution
may be to use Y4-power bandwidths of the peaks to define the nonzero k.f elements in the
data matrices.

2) In the BPS Semi-Annual Report #2 (May 1997), it was noted that there is a slight upward
bias in the slope estimation which can be seen by plotting a histogram of TMT estimates.
This bias is likely due to energy in the higher modes bleeding into the estimation of the
k-f peak location. This higher mode number energy will cause the k estimate to be biased
low and thus the slope estimate to be biased high. This bias is not as clear in these tests
where depth of measurement is known a priori. However, we will continue to study
estimator bias as the technique develops.

3) Potential improvements of the TMT plane beach approximation are worthy of
investigation.

a) Reducing the effect of the measurement scenario on the ¥2-power bandwidth estimate
with changes in array geometry and a better handling of bandwidth smearing caused
by e.g., tidal changes in water depth;

b) Using Y-power bandwidth instead Y2-power bandwidth to define nonzero matrix
elements in the data matrices;

¢) Building the data matrices using only k-f peaks of relatively high energy in the
infragravity frequency band instead of the dominant peak in each frequency;

d) Matching the measured the wavenumber bin of the peak power against a test template
library that accounts for peak shifts due to the presence of multiple modes at a given
frequency. For instance, building the test template library from a simulation of 10 or
more edge wave modes with >400 degrees of freedom.

L
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Plane Beach Simulations (n=99) forh=2m
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Figure 1.1-1. Comparison between TMT-estimated and true planar beach slopes for 99
stochastic realizations and a measurement depth of 2m. The circle denotes the median
TMT estimate; the vertical bar spans one standard deviation. A bar within the circle
boundaries denotes zero standard deviation.
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Plane Beach Simulations (n=99) forh =5 m
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Figure 1.1-2. Same as 1.1-1, except a 5Sm instead of a 2m measurement depth.

U

Page 6



Beach Probing System Semi-Annual Report, December 1997
L ... ___________________________________________|]

Plane Beach Simulations (n=99) forh=8m
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Figure 1.1-3. Same as 1.1-1, except an 8m instead of a 2m measurement depth.
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Plane Beach Simulations (n=99) forh=10m
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Figure 1.1-4. Same as 1.1-1, except a 10m instead of a 2m measurement depth.
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Figure 1.1-5. A wavenumber-frequency (k-f) spectrum for a planar beach with a 0.05 slope
simulating measurement by a 5-element array (260m length) in 2m depth of water. The
width of the boxes spans the half-power bandwidth of the wavenumber peak, the solid
lines labeled 0, 1, 2, etc. are the plane beach dispersion solutions for modes 0, 1, 2, etc.
The side panel shows the power-density spectrum (solid line) and the percent total power
displayed in the k-f spectra (dashed line) (48 D.O.F., 0.05 NSR).
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